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P R E F A C E  

c 

This report w a s  p r e p s r d  by the >Tcr+,hrc~ E ~ z c c  L&orato.r ies, 
Huntsville Department, for the George C. Marshall Space Flight Center 
under authorization of Task Order N-29, Contract NAS8-11096. The 
NASA Technical Representatives were Mr. Cfiarles R.  Darwin and Mr. 
Jay Laue of the MSFC Propulsion and Vehicle Engineering Laboratory 
(R-P & VE-AB). 

The work completed was a ten man-week effort commencing on 
8 June 1964 and ending 21 August 19$4. The data and methods presented 
herein are intended as a guide to aid in the technical evaluation and se-  
lection of a MOLAB concept. 

NEFICE 

Thle report waa prepared ae an account of Government eponsored 
work. Neither the United States, nor the National Aeronautto 
and space Administration (NASA), nor any pereon acting on 
behalf of HASA: 

A.) M e e  any warranty or representation, expreeeed or 
implied, with respect t o  the accuracy, campleteaeee, 
or ueeiulneee of the information contained in t h l ~  
report, or that  the use of any Information, apparatum, 
method, or process diacloeed in t h i s  report mey not 
infringe privately owned rights; or 

B) Reeumee any l i ab i l i t i es  with respect t'b the use of, 
or for damages resulting from the use of any Infor- 
mation, apparatus, method or proceee dieclosed in 
thie  report. 

Aa used above, "pereon acting on behalf of NASA" includes 
any employee or contractor of NASA, or  employee of such con- 
tractor, to the extent that such employee o r  contractor of NASA, 
or  employee of euch contractor prepares, disseminates, or 
provides acceee to, any inforplation purauant t o  hie employment 
or  contract with NASA, or hie employment with euch contractor. 
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SECTION 1.0 

INTRODUCTION 

The NASA Manned Lunar Exploration Program has a s  its objective 
the scientific investigation of the moon. 
approved effort in this program and has as its specific objective the 
landing of two astronauts on the moon and their safe return to earth 
within this decade. 

The Apollo project is the first 

The Apollo Logistic Support System (ALSS) is being considered 
Its broad objective is to for use in conjunction with Apollo missions. 

assure: maximum scientific benefits from lunar exploration, crew stay- 
time extension, crew safety during these operations and the safe return 
of the astronauts to earth. 

A Manned Lunar Surface Mobile Laboratory Vehicle called MOLAB 
has been proposed for accomplishing these objectives and is now being 
studied by MSFC, both with respect to mission definition and investiga- 
tions of supporting technologies. During the course of the MOLAB con- 
cept studies, several concept designs have been produced. These con- 
cepts differ in configuration, internal volume, internal and external ar - 
rangement and performance characteristics. 
the capability of performing the presently defined scientific mission for 
the MOLAB. 

All of the concepts have 

This task is an endeavor to establish a model with which to tech- '\ 

nically evaluate the various design concepts. The concept parameters *' 

considered are:  crew safety, reliability, design simplicity, lunar terrain 
negotiability, performance efficiency, weight, development risk,  weight 
and cost. These parameters a r e  considered for the stowage, deploy- 
ment, dormant and operational phases of the mission. 
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SECTION 2.0 

CONCEPT EVALUATION OBJECTIVES 

The objective of this evaluation model is t o b b l i s h  a matr ix  of 
the pertinent technical parameters of a MOLAB along with a numerical 
grading scheme which ipcludes factors for  i tem and system importance 
and system redundancy, This matrix is the model which the evaluator 
usea in assessing the mer i t s  of a system or  subsystem with a number 
as the end result. The s u m  of all the subsystem and system numbers 
is the evaluation mer i t  number for the concept. 

The establishment of the pertinent technical parameters for this 
matr ix  is the most difficult part  of this task. 
which we shall call i tems, should be  general enough to apply to any de- 
sign concept. A sub-matrix wi l l  be established for the MOLAB and 
for each system of the MOLAB using the breakdown as established by 
the "MOLAB Payload Mass Format", no date o r  document number, 
issued by MSFC R-P & VE-AB. 
stems of the various concepts on a common format basis. 

The technical parameters,  

This will allow comparison of the sy- 

Each system evaluation matr ix  w i l l  consider the following general 
parameters in addition to those parameters which a r e  peculiar to a part-  
icular system. 

1. Power Requirements. 
2. Reliability Assessment. 
3 .  Performance Parameters  
4. Simplicity of Design. 
5. Weight, Total MOLAB and individual systems. 
6. 
7. c o s t  

Deve€opment risk,  time frame for.  

When the parameters a r e  not sufficently defined i t  will be necessary 
for the evaluator to make an assessment of the probable value. 

2 



SECTION 3 . 0  

CONCEPT EVALUATION AND COMPARISON OUTLINE 

3.1 SYSTEM RATING CRITERIA 

The method which is proposed to evaluate the previously discuss- 
ed matrices is a numerical grading system. 
merals  of "0" (zero) through "10" (ten) in accordance with the degree 
of design excellence. 
portance factor for the item is applied to denote the relative importance 
of the item to the system of which it is a part. 
i s  a multiplier for the item grade factor, the product is the item grade. 

This system uses the nu- 

In addition to the numerical grade factor an im- 

This importance factor 

An importance factor is also assigned to each MOLAB system, 
This factor indicates the importance of the system to the safety of .the 
astronauts and the consequent mission success, i. e . ,  the communication 
system failure would not be as  serious a s  would a power system failure, 
o r  an environmental control system failure. 
used a s  a multiplier for  the system grade. 

The importance factor is 

A 

. 

In addition to the system importance factor, a redundancy factor 
This factor is applied by the evaluator is also applied to each system. 

as a measure of redundancy that the bystem contains, i. e . ,  the electric 
power system may have 3 o r  4 individual and separately supplied fuel 
cells  in addition to a backup storage battery. 
sidered fully redundant and would receive a high redundancy factor ra t -  
ing. 
grade and the importance factor. 

This system could be con- 

This factor is used as a multiplier for the product of the system 

In summary, each system of the MOLAB is graded by i ts  design 
excellence factor, item importance factor, system importance factor 
and redundancy factor. The equation for the system grading would be 

= System Grade 

= Design Excellence Grade Factor 

= Item Importance Factor 

G S  

Ef 

If 

n = Number of Items 

= System Importance Factor 

= Redundancy Factor 

sf 

Rf 
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Grade Factol Values: 

A Item Importance Factor: 

The i tem importance factor applies to each item listed and is 
chosen by the evaluator and represents his assessment of the 
relative importance of each item to the system being evaluated. 

2 = Least Important 
4 = Less Important 
6 = Important 
8 = More Important 

10 = Very Important 

B Grade Factor: 

The grade factors a r e  chosen by the evaluator and represent his 
assessment of the design excellence of each item. 

0 
1 = Poor 
2 = Fair 
3 = Good 
4 = Very Good 
5 = Excellent 

= Item is not inclided in the concept = No Grade. 

C System Importance Factor 

The system importance factor is applied to each system and is used 
as a multiplier. To the system Grade. The system importance 
factor chosen depends upon the evaluators judgement of the MOLAB 
mission impairment, expressed in percent, if that system became 
inoperative. 
stem to other MOLAB systems and provides a multiplier for equal- 
ization of the system grades based on system importance. 

This establishes the relative importance of the sy-  

D Redundant Factor: 

The redundant factor i s  applied to each system of the MOLAB 
and represents the evaluators judgement of the amount of redun- 
dancy a particular system contains. 

1.0 = System has no redundancy. 
1.10 = System has redundant characteristics* 
1.25 = System has designed critical redundancy. 
1.50 = System has f u l l  designed redundancy. 

4 

:k Redundant characteristics means that the system has 
redundant capabilities by nature of its design but not 
planned a s  such, i. e., the mobility system may have 
traction motors in each wheel, i f  one malfunctioned 
the otber three could provide mobility. 

L 
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The form to be used for the system matr ix  is shown as a blank 
form in Figure 1. 
line at the top of the page. 
the block in the upper right hand corner of the form. 
factor will be entered in the block just above the importance factor. 
system i tems will be listed in the item description blocks. 
ment method blocks will show the source of the data used for evaluation 
of the item. 
factor block. 
block. 
in the grade block. Add the grades of the i tems and enter the sum in 
in the grade total line in the lower right hand corner of the form. 
the grade total by the number of items graded and enter in next lower 
line. Multiply this line by the product of the importance factor X the 
redundant factor and enter on the next lower line. 
system Frade: A complete set  of MOLAB system forms with suggested 
i tems ,  

The niLllle of the system is to be shown on the dashed 
The system importance factor will  appear in 

The redundant 
The 

The assess- 

Enter the item factor determined for the i tem in the i tem 
E d e r  the grade factor determination in the grade factor 

Multiply the item factor by the grade factor and enter the product 

Divide 

This represents the 

i11ed in is included elsewhere in this  report. 

3 . 2  CONCEPT RATING CRITERIA 

There a r e  many aspects of the completely assembled and integrated 
concept which require evaluation. These parameters in general, are:  
performance, reliability, integration, weight and cost. Fo rms  a r e  
provided for this evaluation matrix,  a blank form is shown in Figure 2. 
This form is similar to the forms for  systems- except for the system 
importance factor and the redundancy factor blocks, these factors are 
not applicable for  a concept evaluation. 
assessment method, item factor, grade factor and grade a r e  the same 
and use the same factors as used for the system grading sheet shown on 
Figure 1. The sum of the item grades is divided by the number of i tems 
to obtain the concept grade. 

The blocks for item description, 

A complete set  of MOLAB concept evaluation forms with suggested 
i tems filled in is included elsewhere in this report. 

3 . 3  SYSTEM SUMMARY 

A system summary sheet (Figure 3) has been provided for entering 
the scares and pertinent data taken from the system rating sheet (Figure 
1) and the concept rating sheet (Figure 2). 
the concept comparison rating and can be used to select a design concept. 

The sum of these ratings is 
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SECTION 4.0 

CONCLUSIONS AND RECOMMENDATIONS 

4.1 CONCLUSIONS 

k-matrix of approximately 500 technical i tems has been assembled 
for the valuation of the various systems including items of the operational 
MOLAJ An attempt was made to keep these items a s  general in nature , 
as possible, in some instances this was not considered adequate to properly 
evaluate the system, in those cases the i tems a r e  of a more specific 
nature. 

The systems breakdown follows the "MOLAB Payload Mass Format' '  
with the exception of the "cabin System" which begins with 1.2 for the 
l'Structural Subsystem", this matrix l is ts  this subsystem 1.1. 
sequent subsystems a r e  all one digit l ess  for the "Cabin System". 
of the other systems a r e  per the mass  format numbering system. 

The sub- 
All  

This matr ix  does not endeavor to cover every parameter of each 
to cover some of the majoi. technical para - system but does endeavo 

meters  of each system. IF_rhe matrix as presented herein along with the 
method of grading and represents a system which will accomplish a 
general evaluation of the MOLAB and the systems which make up the 
MOLAB. 

4.2 RECOMMENDATIONS 

It is recommentled that the various system groups evaluate the 
systems of the concept studies fo r  which they a r e  responsible. 
groups have the technical background necessary to intelligently make 
an evaluation. 
exist i f  one person attempted to evaluate all of the systems. 

These 

This will eliminate some of the prejudices which would 

The matr ix  herein which was generated for this task should be - 

upgraaed and expanded a s  system requirements and operational environ- 
ments become better defined. 
the more accurate an evaluation becomes. 

The more  parameters that a r e  analyzed 

9 
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